A 2.5-year-old Japanese girl who showed signs and symptoms compatible with classic Tay-Sachs disease and had 'altered P-. hexosaminidase B and I, a s well as completely deficient Phexosaminidase A activity is reported herein.
In prenatal diagnosis of such patients as reported herein, it will be necessary to confirm the absence of P-hexosaminidase A in amniotic fluid and/or amniotic fluid cells by methods other than the heat-inactivation method, e.g., electrophoresis o r ionexchange column chromatography.
Tay-Sachs disease (TSD) is a lysosomal storage disease inherited in an autosomal recessive manner. The gene frequency is extremely high in the Jewish population, but sporadic cases have been reported from various other populations including the Japanese.
In 1969, Okada and O'Brien (13) did starch-gel electrophoresis studies and found that one of two isozymes of N-acetyl P-D-hexosaminidase (Hex), Hex A , was absent in brain, liver, kidney, skin, cultured skin fibroblasts, blood plasma, and leukocytes from TSD patients. In 1970, O'Brien et al.
( 1 1) reported a heat-inactivation method for serum Hex A determination with the synthetic substrate 4-methylumbelliferyl N-acetyl-P-Dglucosaminide and its application to the detection of TSD heterozygotes and homozygotes. Since that time, the heat-inac-. tivation method has been used for the detection of TSD patients, its carriers, and patients with partial Hex A deficiency. Patients with partial Hex A deficiency are distinguishable from those with ciassic TSD as the onset is later and the course milder (2, "14, 23, 28) . We encountered a Japanese girl who showed signs and symptoms compatible with classic TSD. Hex A activities in serum samples, as detected by the heat-inactivation method, revealed partial deficiency in this isozyme. As there is apparently no documentation concerning classic TSD with partial Hex A deficiency, we investigated the nature of the heat lability of Hex in our patient and the findings are reported herein.
CASE REPORT
In August 1973, a healthy primipara gave birth to a girl (YI) weighing 3210 g. The pregnancy and delivery were uneventful and both parents were Japanese and first cousins. Apparently no other family members had the same disorder as this patient.
The child developed normally until 6 months of age when she appeared unresponsive to her surroundings. At 7 months of age, she was pointed out to have cherry red spots, and since that time she deteriorated gradually both mentally and physically. The serum Hex assay by the heat-inactivation method performed at that time showed about 20% of residual Hex A activity. General convulsions first occurred at the age of 18 months and have since increased despite anticonvulsant therapy. The rectal biopsy, performed with the informed consent of the parents when the child was 20 months of age, revealed numerous membranous cytoplasmic bodies in the myenteric plexus. Results of the electrophysiologic exarninationsof the patient's eyes have been reported elsewhere (7) . EEG recorded at 20 months of age showed diffuse organic'd;sfunction with multiple spike foci. Hepatosplenomegaly was absent but serum LDH and GOT levels were markedly elevated.
On the last visit to our clinic in March 1976, she showed little spontaneous motor activity and no exaggerated extension response to sound. Muscle hypotonia and spasticity of limbs were remarkable. Head circumference had increased to 2.5 a over the mean value.
MATERIALS AND METHODS

SAMPLES
Serum samples were obtained from the patient, YI, and a patient with classic TSD who showed typical heat stability of serum Hex activity as determined by the heat inactivation method. Serum samples from both parents of YI and a classic TSD patient, and from adults and infants who were apparently free from any inherited disorders were also studied. These samples were examined immediately or stored at -20' until use.
Leukocytes were isolated from heparinized venous blood of the patient, YI, a classic TSD patient, and control adults. One volume of venous blood was mixed with 2 vol 3 % dextran (mol wt 200,000) in 0.9% NaCl solution, and allowed to stand at room temperature for 20-30 min. The supernatant containing leukocytes was then separated and washed twice with 0.9% NaCl solution. Contaminating red blood cells were destroyed by adding 3 vol water and mixing gently for 90 sec, then the osmolarity was recovered by adding 1 vol of 3.6% NaCl solution. The leukocyte pellet obtained by centrifugation was diluted with water to the protein concentrations of 1 .O-2.0 mg/ ml, then homogenized, frozen, and thawed several times and centrifuged at 1000 X g for 10 min. The supernatant was used immediately for the present studies concerning Hex. Protein concentrations of the supernatant were determined by the method of Lowry et al. (9) . All samples were obtained with the informed consent of patients and/or their parents.
ENZYME ASSAYS
Hex activities in serum and leukocyte samples were determined by the method of O'Brien et al. (1 1) using 4-methylumbelliferyl N-acetyl-P-D-glucosaminide (Nakarai Chemicals Ltd., Japan) as a substrate.
P-Glucosidase and P-galactosidase in leukocyte homogenates from the patient, YI, a classic TSD patient, and control subjects were also determined fluorometrically using 4-methylumbelliferyl P-D-glucoside (1 mM) and -galactoside (2 mM) as substrates (Nakarai Chemicals Ltd.), respectively. Reaction mixtures contained 20 p1 leukocyte homogenate, 20 pI citratephosphate buffer (0.1 M with respect to a citric acid, pH 4.0 and 5.5 for P-glucosidase, or pH 4.0 for P-galactosidase), and 50 p1 substrate solution.
MIXING EXPERIMENTS
Serum from the patient was mixed with the same volume of serum samples from a classic TSD patient and a control infant.
respectively, and the total and heat-labile components of ex were determined by the heat-inactivation method.
pH ACTIVITY CURVES
Total serum Hex activities-with a pH ranging from 3.0-7.0 were determined with citrate-phosphate buffers (0.04 M citric acid was mixed with 0.08 M dibasic sodium phosphate).
ACID pH INACTIVATION
Acid pH-labile components of serum Hex were determined by the method of Saifer and Rosenthal (19) with 0.5 M glycine-HCI buffer, pH 2.8.
EFFECTS OF BUFFER CONCENTRATIONS ON TOTAL AND HEAT-LABILE COMPONENTS OF SERUM HEX ACTIVITIES
These effects were examined using 0.01, 0.04, 0.08, and 0.16 M citrate-phosphate buffers, pH 4.4 (concentrations as a citric acid). Heat-inactivation and incubation procedures were the same as those described by O'Brien et al. (11) except for the buffer concentrations used.
K, VALUES K, values for 4-methylumbelliferyl N-acetyl-P-D-glucosamin-
ide of serum and leukocyte samples were determined by the method of Lineweaver and Burk (8) . K, values of the each component of serum Hex (B, I , , I,, and A) before and after heat treatment at SO0 for 3 h were also determined by the same method.
CELLULOSE ACETATE PAPER ELECTROPHORESIS
Electrophoresis was run in accordance with the method of Poenaru and Dreyfus (15) with modifications. Details of the procedures have been described elsewhere (24) .
DEAE-CELLULOSE COLUMN CHROMATOGRAPHY
The ion-exchange column chromatography was performed by the method of Price and Dance (16) with modification using Whatman DE 52 (Whatman Biochemical Ltd., England) as a stationary phase.
A serum sample (0.1 ml), stored at -20" for 3 months, was diluted 5-fold with 0.01 M sodium phosphate buffer, pH 7.0, and applied to a column (1 X 6 cm) without predialysis; 2 mlfractions were obtained.
For the K, determination and heat-inactivation studies of the each component of serum Hex, 1 ml serum sample was applied to the column (1.5 x 11.0 cm) (24) . The column fractions (5-ml fraction) constituting each peak of Hex activity were pooled, then dialyzed against water overnight at 4' and lyophilized. After lyophilization, each component was diltued with 0.04 M citrate-phosphate buffer, pH 4.4 (concentration as a citric acid).
All experiments were run in duplicate on samples from the patient, YI, in parallel with those from a classic TSD patient and control subjects, and sometimes with obligate heterozygotes.
<
RESULTS
Heat-labile components of serum Hex from the patient, YI, a classic TSD patient, their parents, and adult and infant control subjects are shown in Table 1 . These components in serum samples from the patient, YI, obtained at various intervals were 13.5-27.3% of the total activities as compared to those of O-5.9% in a classic TSD patient, and 55.6-77.6% in control subjects. Although serum samples from three obligate heterozygotes except those from Yl's mother showed 33.8-48.3%, four samples from Yl's mother showed 49.5-54.4%. Although total and heat-labile components of serum Hex in one person varied in their activities from sample to sample obtained at different occasions, no overlaps in heat-labile components expressed as a percentage of total activities were observed between samples from the patient, YI, a classic TSD patient, obligate heterozygotes, and normal control subjects.
The time course of heat inactivation of serum Hex is shown in Figure 1 . The serum Hex activity of YI decreased linearly during a 3-h heat treatment at 50'. Figure 2 shows the time course of heat inactivation of Hex in leukocytes. Leukocyte Hex activity from the patient, YI, decreased linearly as in the case of serum Hex and the activity of heat-labile component after 3 h at 50° was 35.7% of the total Hex activity as compared to 0% and 73.6% from a classic TSD patient and an infant control, respectively. The presence of 0.1 % of bovine serum albumin in reaction mixtures for heat treatment of leukocytes had no effect on the total and heat-labile components of Hex activities.
Mixing experiments were carried out to determine the presence of factors which would influence the heat stability of the patient's serum Hex. The predicted and actual values of the heat-labile component in mixed samples were practically the same and inhibitory factors were not detected in the patient's serum.
Acidic pH-labile and heat-labile components of serum Hex were determined on the same samples from the patient, YI, a classic TSD patient, and an infant control subject. Table 2 shows that the patient's serum contained a significant amount of acidic pH-labile components of Hex.
The optimal pH of serum Hex of the patient, YI, was 4.2-4.4, and there was no difference from the optimal pH of a classic TSD patient, obligate heterozygotes, and infant control subjects.
The effects of buffer concentrations on the activities of the total and heat labile components of serum Hex of the patient, YI, a classic TSD patient, and an infant control subject are shown in Figure 3 . Although the activity of heat-labile components of serum Hex from a control subject was maximal at 0.04 M, that of the patient, YI, and a classic TSD patient increased as the buffer concentration increased. Serum Hex from the patient, YI, was more intense in this increment: the activity of heat-labile components of Yl's serum Hex was as much as 34.9% of the total at a buffer concentration of 0.16 M.
Cellulose acetate paper electrophoresis (Fig. 4) showed two bands in serum samples from the patient, YI, and a classic TSD. patient corresponding to Hex B and Hex I, + 1, from the cathode to the anode as compared to three bands in those from control subjects with the additional most anodic band corresponding to Hex A (24). Leukocyte samples showed one band in the patient, YI, and a classic TSD patient and two bands in control subjects. Electropherograms of serum and leukocyte Hex from the patient, YI, and a classic TSD patient revealed no differences, both being deficient in Hex A activities.
DEAE-cellulose column chromatography of control serum samples showed four isozymes (Hex B , I,, I,, and A ) (Fig. 5) as reported previously (16, 24, 27) . Serum samples from YI and a classic TSD patient were lacking in Hex A and h,ad increased Hex I,. The chromatograms of serum Hex of the patient, YI, and a classic TSD patient were the same. There were no changes in elution profiles of YI's serum stored for 11 days to 5 months.
K, values for 4-methylumbelliferyl N-acetyl-P-D-glucosaminide of the total and each component of serum and the total leukocyte Hex were determined (Table 3 ). There were no differences in K, values among the samples from the patient, YI, a classic TSD patient, and a control infant. Heat treatment at 50" for 3 h had no effect on K, values of each component of serum Hex.
The time course of heat inactivation of each component of serum Hex which had been separated by DEAE-cellulose column chromatography is shown in Figure 6 . Hex B and I, in serum from the patient, YI, were different in heat stability from those of a classic TSD patient and a control subject; 50% decrease in activities of Hex B and I, had occurred in YI's serum after heat treatment at 50' for 3 h, whereas there was less than 1 8 % decrease in the serum samples from a classic TSD patient and a control subject. This experiment was repeated on samples obtained at different occasions, and the results were essentially the same. Activities of other lysosomal enzymes, such as P-glucosidase and p-galactosidase in leukocyte indicates NaCl concentration (M). homogenates from the patient, YI, were within the normal range.
DISCUSSION
Since Hex was found to be composed of two major isozymes, A and B, and Hex A activity was completely deficient in patients with TSD, GM~-gangliosidoses have been classified into three types (12, 20) . These are Tay-Sachs disease (type 1 or variant B), deficient in Hex A , Sandhoff-Jatzkewitz disease (type 2 o r variant 0), deficient in both Hex A and B , and a juvenile GM,-gangliosidosis (type 3), partially deficient in Hex A .
In the enzyme assay, as the synthetic substratesp-nitrophenyl o r 4-methylumbelliferyl derivatives of N-acetyl-P-D-glucosaminide and -galactosaminide have been made available, many samples were examined and mass screening for heterozygotes detection has been done (3, 17, 18) .
Recently, it has become apparent that there are variant types of Hex deficiency. These variants may be due to allelic mutation o r double mutations in loci concerned with Hex isozymes (3, 5 , 10, 20, 21, 25, 26) . Variant types .which have been reported may be divided into three groups: ( 1 ) the enzyme activities are present to a natural substrate but absent to a synthetic one (5, 10, 25) , ( 2 ) the reversed condition as in the case of ( 1 ) (3, 20) , and ( 3 ) non-uniform distribution of the enzyme in various tissues in a single person (21, 25, 26) .
Although the specimens used in our study were only serum and leukocytes and the natural substrate, GM~-ganglioside, could not be used in the enzyme assays, the data from patient, YI, was different from classic TSD patients as well as the variant cases reported up to date. The isozymes, Hex B , I,, and I,, were detected by ion-exchange column chromatography and cellulose acetate paper electrophoresis in the same manner as those from a classic TSD patient. But enzymatic studies on Hex of the patient, YI, showed ( I ) increased heat lability at 50" for 8 1 3 h, (2) increased acidic pH lability, and ( 3 ) characteristic changes in heat stability in various buffer concentrations.
The optimal pH of total Hex and K, values of the total and each component of Hex, however, did not differ from those of a classic TSD patient and control subjects.
The heat treatment study in each component revealed that heat lability of Hex in the patient, YI, was localized in Hex B and I,, and that Hex 1, was less heat labile at 50' for 3 h.
Recent investigations suggest that Hex I, may be regulated in a somewhat different manner from Hex B and I,, although these three isozymes have been regarded as a single group. The three isozymes have heat stability in common but it is well known that Hex 1, is markedly increased in serum samples from TSD patients (16) . pregnant women (16, 22, 27) , and diabetics (16) . The increment of Hex 1, in pregnant women and diabetics strongly suggests the presence of hormone-related regulations on this isozyme whereas the increment in TSD patients in whom Hex A is absent suggests a close relationship between the regulation of Hex 1, and A.
Some hypotheses have been advanced to explain mechanisms regulating the Hex isozymes. Beutler et al. (1) reported that Hex B was a tetramer composed of identical subunits and Hex A was also tetramer but was composed of two different kinds of subunits, one of which was common to that of Hex B. Gilbert et al. (6) , on the other hand, postulated the structural independency of Hex B and A on the basis of cell hybridization studies. Hex B, as described by these authors, however, was the sum of Hex B , I,, and I,. Regulations and structures of each component of B group (B, I,, and I,) remain to be determined.
If the abnormalities in Hex B and I, of the patient, YI, are genetically linked, regardless of how Hex B and A are structurally dependent, they can hardly be explained without the occurrence of double mutations: in addition to the typical TSD gene, another mutation results in the abnormalities of Hex B and I,. Although the activity of heat-labile component of serum Hex from the mother was somewhat higher than the activity from the other obligate heterozygotes, heat-inactivation studies of each component of serum Hex from YI's parents revealed no difference from those of normal adults and the homozygote and heterozygotes of classic TSD.
T o clarify the genetic mechanisms, other methods for detecting abnormalities of Hex B and I, in the patient, YI, and her parents have to be devised.
